i umimi, mofl ~ biomass.i ~ ~ Ever since man discovered the use of fire, the plants remain to this day as an important and reliable source of renewable energy.
Through photosynthesis, the plants trap the light energy of the sun, the ultimate source of most of the terrestrial energy. The plant material, as is the common knowledge, is used as solid fuel.
All over the world about 2.5 billion tons of wood and crop residues are burned directly to get heat. However, exploitation of plants to obtain the liquid fuels requires physical, chemical and biochemical techniques. The technology involved in this conversion may be simple or difficult depending on the nature of the biomass source and the kind of liquid fuel finally produced. Three types of liquid fuels can be derived from plants, viz ., (i) the vegetable or fatty oils, (ii) alcohol (ethanol), and (iii) liquid hydrocarbons.
V e g e t a b l e

O i l s
Until the mining of petroleum was developed during the nineteenth century, vegetable oils, especially the non-edible varieties (see Table 1 ), formed an important source of heat and light.
Usually the seeds, which store much higher concentration of fatty oil than any other part of the plant, are used for extracting the oil. Most of the common oil seeds contain 20-30% of oil by weight, and in some cases up to 42%. The techniques for the extraction of oil from the seeds are relatively simple and may involve one or more of the following processes, viz., (i) pressing,
(ii) cooking in water, and (iii) solvent extraction. Some of the non-edible oils that are being tried as transport fuel for vehicles are the oils ofPongamia, mahua, neem andJatropha (see Box 1). Other abundant feedstocks for getting fermentable sugars are starch and cellulose. Large quantities of starch are available from tuber crops like potato, tapioca and cassava, and grains like maize (corn) and sorghum. The cellulosic raw materials like wood, agricultural residues, grass, bagasse and other plant material are available in plenty. Both starch and cellulose are polymers of D-glucose, but structurally quite different. Starch can be more easily hydrolyzed than cellulose to the monomeric glucose.
The conversion of starch to glucose is achieved by either chemical method, which involves treating with dilute acids, or enzymatically using amylases and amyloglucosidase (diastase or malt).
Much of the cellulosic feedstock is not pure cellulose and contains varying amounts of lignins and other compounds from which cellulose is obtained by delignification procedures, like treatment with alkali, or by 'steam explosion' treatment followed by removal of lignin by methanol or alkali extraction. In another procedure, cellulose is directly degraded to glucose by treating 'milled' lignocellulose suspended in water with Trichoderma reesei cellulases.
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Glucose solution obtained from the hydrolysis of starch or degradation of lignocellulose is fermented to ethyl alcohol by enzymatic procedures mentioned earlier.
Another source of ethanol is the sap (sweet juice) of several species of palm. Tapping palmyra (Figure 1 ) and wild date palms for toddy and jaggery in India is well known. The sugars in the sweet sap can be directly fermented to alcohol. Fermentation is actually spontaneous, as the enzymes required are already present in the sap. It has been observed that palms are capable of yielding more alcohol per unit area of land than sugarcane. Moteover the palms grow on marginal lands, which means palm cultivation would not put pressure on the land used for food crops. However, presently the cultivation of palm trees mentioned above is neither scientifically sound nor well organized. Therefore, obtaining fuel alcohol from palms at present is not practicable.
Hydrocarbons
We are so much used to petrol 2 (also called gasoline in North America) and diesel 3 (also called fuel oil) as transport fuel that we think of converting any renewable source of energy into these fuels. Of course, petroleum fuels are the most convenient for the working of internal combustion engine. Therefore it would be highly desirable if we can produce petrol-like hydrocarbons from plants. Considerable work has been done on the cultivation of 'petroleum plantations'.
There are a large number of plants that produce hydrocarbons. When these plants are scraped or injured or a slit is made in the trunk or branch, a fluid oozes. This 'latex' is composed mainly of hydrocarbons. Rubber tree is a well-known example of a hydrocarbon-producing plant. Cultivation of various latex yielding plants, called 'petroleum plantation', has been proposed for the extracting of hydrocarbons that can be converted into petrollike fuel or other hydrocarbon feedstock. Even if the plants do not yield latex profusely, they can be harvested for getting hydrocarbons. In this case, the harvested plants are dried and the dried mass is extracted with solvents, which are themselves hydrocarbons or chlorinated hydrocarbons. By this procedure the hydrocarbons in the plant biomass will be released into the solvent. After removing the solvent, the remaining residue is converted into transport fuel by further processes involving catalytic cracking, distillation, etc.
The plants that are promising to yield 'bio-crude' are the members of the family of Euphorbiaceae. Many of these species are being cultivated on experimental basis in the U.S.A, India, Japan and a few other countries. The succulent species like
The extractable hydrocarbon content that is useful as petrol substitute in these plants varies from about 3% to 9%. Most of them are higher molecular weight hydrocarbons that contain more than 25 carbon atoms. They have to be broken down into smaller molecules for using them as transport fuels. Catalytic cracking is a well-established method by which higher molecular weight hydrocarbons are converted to petrol-like lower molecular weight hydrocarbons.
Terpenoid hydrocarbons are obtained from many different types of plants. Turpentine oil and lemon grass oil are just two examples of these. However, since they have other important applications, they are not considered for using as fuel. The three types of liquid fuels that are described here can no doubt replace petrol or diesel wholly or partially as blends for transport vehicles or other purposes. For all the three fuels, the sources are the plants. Considerably complex technology is involved at present in converting the biomass into liquid fuel.
The non-edible fatty oils and ethanol can, of course, be produced with simpler technology. Only sugar and certain starches are conveniently fermented to alcohol. However, as they are also several years now at least two firms in Europe have been selling conversion kits for using vegetable oils directly in diesel cars to cut the fuel cost to almost one-half. Their success indicates that esterification is an avoidable step.
In the iast two and a half years SuTRA has used about 8 tons of honge oil in more than 10 enginegenerator sets of capacity ranging from 3.7 to 60 kVA, in a few engine-pump sets, in a tractor, and also for running a diesel jeep for about 2000 km.
The oil was used neat after thorough filtering using bolting cloth. No modifications were necessary on the engines. However the jeep requires a kit to help in easy switching from oil to diesel when required.
Engine-generators consume about 10% more honge oil by volume as compared to diesel Box 1. continued 
